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Measuring the Top Quark Mass

Adam Gibson
UC Berkeley Qualifying Exam
November 21, 2003

*\Why measure the top mass?
*\What we' ve done so far — Run | style CDF measurement

*\What 1I’'m working on now — DO-style matrix element
method

*Prospects for DO-style method at CDF, including work on

transfer functions
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Standard M odé

e SM <0 far Very Successfu' FERMIONS ::;?:ir 122?5;:;{,“?5?:
— Predicted W, Z masses Leptons spin = 1/2 Quarks spin=1/2
) . Approx. o e
— Compatibl tealw(lj th a huge array of Favor Vit chamge  Pvor  Mass LSO
exper.l mental data | yy sacon ™
 SM consistency checked to high o netrine A
precisSion o Vi mesaio S
 Afewlooseendstiedupinlasttenyears |, .o § e
— Top quark, n, v w t top
* Ongoing exploration tau b bottom
— Natureof n’s force carriers
— CKM matrix and CP violation BOSONS sin-0.1,2 ..
— H boson still not observed Unified Electroweak spin =1 Strong (color) spin =1
»  Tevatron unlikely to discover e I sers e B S U i
opafundbament: ES NS
e Top afundamental particle
— Yukawa coupling a fundamental ' EW (EWSB) spin=0
parameter of SM ' H | 2 |0
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Radiative Corrections

.

) .
e o

Fermions affect couplings

W ﬁ%wm

AN AN
1WZW s Y.ZIW .foW
e T 1 fif Wi,Z
F = .
\@TTL%\; SIHQQW* (1 — AT) H
H )
wwm e AR,
AT’ — A(l — A?"W ZW UNS zZw ZIW ZIW
ZW
a(0) a(0)
als) 11— Aept(5) = Attop(s) — At aq()
Art — SGFm“ m?|cos®Ow
8\/_ T2 miy sin’fw
11 Gem?, m? 5
Art = =W (lin — ==+
3 8 \/QWQ ms:| B P. Renton hep-ph/0206231
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Precision Electr oweak ’-”—'fQ|

« High-precision measurements of EW Winker 2005
Measurement Pull  (Q™*_Q")g™=*
observables 32-10123
- LEP I, SLD My [GeV] 91,1875 £ 0.0021 Q.02 [
— LEPII, SLD w/ polarized beams Eii isbies fo
— Tevatron R, 20.767 +0.025  1.01 -
N scatteri (N T V) Al 0.01714 +0.00095 0.79 =S
— N ernn uie I
_ At0m|C Phygcs R, 0.21644 +0.00065 0.99 -
H{: 0.1718 +0.0031 -0.15 1
» Can “predict” top mass X owsoos o =
— '94 data at least consistent with first m, i’ Smnm -
measurernent A .iEl 0) E].1-h' 3 I [}I-.[][ll?‘l ‘I.Lﬁ.'“ I—
— Today LEPplusLEP1I 180" Gev -
+11 -11 my [GeV] 80.426+0034  1.17 -
— Today al Z pole 1719 GeV FyiGeVl  2139+0069 067 -
— Today global fit174.0";5 Gev L
e Canpredict H mass |
+60 3210123
- 06 38 GeV, <219 GeV 95% CL
- L EPEWWG/2003-01

Bob Clare WIN ‘03
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m, Consistency

L L L L

----- Allexceptm,  m, (TEVATRON)
20041 68% CL —

Excluded

Preliminary

140

2 3
10 10 10

m, [GeV]
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m,, Also Key

80.6 T———T————
| —LEP1, SLD Data

| - LEP2, pp Data
80.51 68% CL

[ My I
80 2 1— 114 1|30 10007 Plrelllmllnalry
130 150 170 190 210
m, [GeV] L EPEWWG/2003-01
Page 6
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Top contribution —

.

A
Freerer ‘m

Preliminary CDF Run |l Results

my = 177.57447 =+ 7.1({ + jets)
my = 175.0+174 « 7.9(¢¢)

New (Preliminary) DO Run | Result
=180.1 + 3.6 + 4.0 GeV

P. Renton hep-ph/0206231

D& dilepton —I"— 168.4+12.8
D& lepton+jets OLD + 173.3£7.8
D lepton+jets NEW + 180.1£5.4
D combined = 1721271
(Excluding New) '

CDF dilepton —I—l— 167.4+11.4
CDF lepton+jets —= 176.1+7.4
CDF All hadronic —I— 186.0t11.5
CDF Combined —.— 176.116.6
CDF/DQ combined - 174.3+5.1

(Excluding New)

150. 200.

fit my GeV 2 /df Mtop[GEV]
now: dmy =+ 5.1 GeV, dmw = 4+ 33 MeV 5"1”" 20 /15
if dme =4 2.0 GeV., dmw = £+ 33 MeV 83T f:: 29 / 15
if dmy = + 5.1 GeV, dmay = + 15 MeV I_;Ti'._l” 34 /15
if dmy =+ 2.0 GeV, dmyw = = 15 MeV "1(}"'-‘” a5 /15
if dme =+ 1.0 GeV, dmw = £ 10 MeV {,.-1-1“: 33 /15
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Futur e Prospects N |

806 T T — Possible future
1 —LEP1, SLD Data Tevatron/LHC
| = LEP2, pp Data measurement
80.51 68% CL -2 GeV dm,
= ' ~15MeV dm,,
(¢))
O, g80.4-
=
-
80.3
m, [Ge
0.2 | 114 30071000 Plrelilmilnalry'
130 150 170 190 210

m, [GeV]
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The Tevatron reec) A

BECRECLEY Lam

- T TN AT
s 350 HuBen Jan Mar May | Jul Sep Nov Jan Mar | Moy s l y

—>
Physics
quality data

.....
.....

aaaaaa

= =

| 13 o e o~ i ::__-—'_- ‘ - - — . ‘

o tope soLurce & i)

4“_’//: P Main Injector \
o b L s eyl e & Recycler =

Store Number N = —

Integrated Luminosity ]

Design Projection| Base Projection ~330 pb—l

Accum-

Accume- .
uaed PV e delivered to

FY03 | 022 030 [ 020 028

Y04 038 068 | 031 059 date ~180 pbifor |+jets mass w/ silicon now
FYO5 | 067 136 | 039 098
anl1s on | ~260 pplontape  ~500 pbtfor Spring 2005 thesis?
FYOR | 237 615 | 114 323
FYO9 | 242 857 | Ll 44|
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‘ Snapshot of CDF (Installing the SV X) .
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‘ t-t Overview —

« 85% g-gbar, 15% gluon fusion Cacciari et a hep-ph/0303085

' g

* Production in p-pbar collisions at\/g =1.96TeV,NLOs » 6.7 pb jy
ViV

e G»14GeV,t »10%s
e Leptons (e, m well measured

o Quarks (jets) poorly measured
— And much QCD background
— B quarks (mesons) taggable

Antiproton

 Neutrinosdon't interact in detector

— Measured indirectly

t-tbar Topologies

Dilepton | |+jets All Other
(e, m (e m Hadronic | (t's)
5% 30% |45% |20% é
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Event Selection (CDF Run || A

rroereec| o

High E; (20 GeV) eor m
High &, (20 GeV)
— Infern
4 High E; jets
— At least one w/
displaced vertex B tag

Combinatorics —which
jets are from t?

Combinatorics and jet
energy measurements
make m, adifficult
measurement

November 21, 2003
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measur ement)
- CDF Il Preliminary mge" = 178.9 GeV/c®
1.2 mSe" = 94.9 GeV/c®
' e11 102 GeV
: \ % Muon 50.5 GeV
1 ' :
0.8
B LW =6.2 “_
- 108s N\
—~0.6
E
s o
s 0.4}
0.2 Jetd 365 GeV
N L, =4.1mm
O Jet3 57.8 Gev 7/ 2139s
0.2
¥ /’“ Jet2 69.7 GeV
-Dl4_|-/l' ||||||IIIIII|III||||||IIIIIIIIII
-1 -08 -06 -04 -0.2 0 02 04 0.6

X (cm)
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CDF Detector

Froeerer ‘ml

,,,,,,
''''''''''''''
’’’’’’’’’’’’’

- - - -
,,,,,,,,,,

P = e = -
‘_;:':-.':: R NOTCH STE]
Y /f’[////{///..//://f//

-
SR | WA TN CHAVBE R

T
- ; I HADRONIC CaLORIMETER
=S EEEl Mucn DRIFT CHAMBERS
= PSS STEEL SHIELDING

FETzE3 MUON SCIN ATOR
ey = COUNTER
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e s—EM calorimeter
—tracking chamber
mis—tracking chamber
— muon chambers
Jets—calorimeters
B Jets— calorimeters
—silicon detectors

n's—don’t interact in detector

IMLons
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Event by event reconstruction rreeeed

HERKELEY LS

A
!
1l

4 jets, 1 central eor m large missing E, g0 175 GeV tagged mass template
at least one displaced vertex b tag 2 200f Entries 1923
2x3(x2) waysto assign jets to partons 5180 Mean 1752
with onetag, 2(x2) for double =180¢ '
' £140f
Enough measurements to overconstrain 2120
Systern . 100F
2-C fit to find the (one) best combination ;2
(lowest c?) anf
c2 cut to help reject backgrounds Ez;
100 150 200 280 300 380
Reconstructed mass (GeVic')
02: é (p_ir,fit_ p_lrmeaS)Z N é (pljJE,fit _ pljJE,meas)Z
i=l, jets s/ j=x.y S 12

(M i - ZI\/IW)2 + (Mln _ZI\AW)2 + (Mbjj -ZM’E)Z + (Mbln _ZMt)Z
Gy Gy G G

+

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 14



.

Build Mass Templatesfor Various

rereerrrerr

M asses |

CDF Run Il Preliminary

150 GeV tagged mass template 155 GeV tagged mass template 160 GeV tagged mass template

—_ —220 —  F
& 200 Entries 1683 -55"' 00 Entries 1748 -5?-’ 180 — Entries 1475
2180 %180 51801
2160 Mean 161.8 2160 Mean 1643 214':'5— Mean 166.3
8440 B B s
£ RMS 3023 c'¥ RMS 30| B RMS 27.95
- 120 = 120 = 100 o
Al 4 4 -
100 100 eof
B0 BO :
80 80 BD:
20 20 20
i} A T A O I i} PRI T T O n:
00 450 200 250 300 380 100 150 200 280 300 380, 100 150 200 280 300 380,
Recanstructed mass (GeWic') Reconstructed mass (GeWic') Recornstructed mass [(GeWic')
165 GeV tagged mass template 170 GeV tagged mass template ._.,22:11 75 Ge¥ tagged mass template
1,220 - 160 - i -
gznn Entries 1920 E Entries 1344 ﬁzuu Entries 1923
@ 140 o
o o 1 180
180 Mean 169 . Mean 1719| Mean 1752
=180 =120 =160
£ 140 RMS 2892| Ero RMS 2866| C'* RMS  29.54
o - o - o -
5120 = 5120
4 4 80 4
100 100
80 &0 8o
G0 a0 &0
40 40
20 20 20
a [ i} [N I A I I i} O O I |
00 450 200 250 300 380 100 180 200 23S0 300 380, 100 150 200 280 300 350,
Reconstructed mass [GeWic') Reconstructed mass [GeWic') Reconstructed mass [GeWic)
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Backgrounds (For 22 Eventsin Data) iil(

HERKELEY LS

Source Events Approximate s BaCKg rou nd mass tem plate
W + jets (mistags) 225+ 0.32 33pb t‘?_ 0.07 - CDF Run Il Preliminary
Whbar 1.71+ 0.51 0.74 pb E : [ w + mistags, non-w
Wechar 0.72+0.25 1.39 pb 0 0.061 B W + heavy flavor
We 0.63+ 0.13 1.96 pb Eo 0.05 Bl singe top. s channel
WW/WZ 0.20 + 0.06 E 0.0af Bl singe top. t channci
Non-W (QCD) 2.4+ 0.36 Very Large o
Single top 0.4+ 0.04 0'03:_
Totd 8.31+0.76 0.02[-
Compare to tthar cross section of ~7 pb 0.01 E_
e Dbtagginginvolvesa of
choice between 100 150 R200 t Zth 30(50 Vi
- econstructed mass (GeV/c)
effl Cl enCy and fake Background events with ¢c2 < 10
rate Mass Template Source Background Source Number of Events
— Choice determines
W + jets (mistags) Mistags, QCD 3.42+0.36
background Wbb Whbbar, Wccbar, We, WW/WZ 226+ 041
‘e ar ar, Wcchar, We, .26+ 0.
compaos tion
. Single top: s channel 0.16+0.01
o . .
Overall SBis2.7:1 Single top: t channel 0.11+0.01
— 16:6 Total 5.94 + 0.55
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Final Fit: Shape Comparison of Data ’\l
to MC Givesm,

HERKELEY LS

'|

e Signal shape parameterized, and as function of top mass.

« Background shape parameterized

« Unbinned likelihood fit to parameterized templates, with a background constraint

CDF Run Il Preliminary (~108 pb”
M, =177.5+12.7/-9.4 (stat.) +- 7.1 (syst)

'i; 8;_ Data (22 evts) E "X

o 7E 5 2

g g Signal + Bkgd 7

3 o

E 5; Bkgd only (6.5 evits) :

11 - 5E
4 :_ 0 :13D 140 150 160 170 180 190 200 210 21
3; / Top Mass (GeV/c?)
2?_
=
0000 120140 180 ‘ 200 220 240 260 280

Reconstructed Top Mass, Tagged Events (GeWc )
November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam

Page 17



)/

‘ SyStematics cecoeet] i

« Jet energy measurement leads to dominant systematic

 |nitial State and Final State Radiation (ISR/FSR) since gluons affect
jet energy, top and W mass, etc.
— Run | numbers (turn on, off) for now.

« PDF suse CTEQ6M eigenvector sets

Source of Syst. AM,,, (GeV/c?)

Jet Energy 6.2
ISR 1.3
FSR 2.2
Generators 0.5
PDFs 2
Other MC modeling (Jet Resolution, p??) 1
Background Shape 0.5

b-tagging 0.1 (Run I)
Total !

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 18
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rereerrrerr

Understanding Jets

Quarks and gluons appear in the % (A. Korytov)
calorimeter asjets: collection of hadrons \,
— Mostly p’s —_— .“—fﬁf‘ > @ sipreon
Reconstruct m, in terms of parton energies, —— /
want to correct jets back to parton level arsorghons) 2%
Difficult to calibrate at low particle I Y ?g:
energiestypical injets bl /\\ \
— Cracksin detector, Non-linearities :
. i &
— Understanding fragmentation Lkl o et ’
_ OUt Of cone energy and gluens and bacome observable hadrons
Pjet PJRawBal (<fe"> vrs. n Cone 0.4] —— MonteCarlo
Run lla Cone.04 Eniries 3557 AT : i — ——Data
f —_ T _ 1 e 0.3537 o250 . ++_ j s § 'y i
b Pé 250 AMS 0.2105 ror ..?#',#;.. B +* :
+*im 60,75/ 32 L i I & g
T s Eam'::mt 270.1 + 5,759 -0.35— : '+? : ':,171, = ﬂ* % # !
Mean  -0.354 + 0003605 + Wy [ % N T L
g e _Sigma___0.2074 + 0.002791 =% _ -Jﬁ y ¥ F . *'++.
T T
i ¥ i 1o S eyt
m T rore= In[tan (.2)] [N
/ R B S o e S |
‘H CI_1 -08 -0 04 02 a 0.2 04 08 08 f; goo 400 150 60 TIE

November 21, 2003
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Traditional Analysis Continues \

~180 pb*
Reconstructed Top Mass (GeV/€)
N: 7H ) "t Top Mass (GeVic?)
= H| |Data (35 evts) g EX
@ N =
6 - 9 e \
g E Signal + Bkgd 5— 5 _./
T o 7 N
) B )= % i
"E ] Bkgd only SE * &
2 4r iE \/
3 :_ / Top mass (GeVY]
2
1=
o LS %WMM

80 100 120 140 160 180 200 220 240 260 280
M =179.9 +9.0/ -7.6 (stat.)

top
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‘ New DO Run | Top Mass Analysis rreere {.‘;|

o Useall of the information you measure well, integrate over things you don’t
measure well.

e Compareto our best knowledge of the physics — compare to SM differential cross
sections.

e Integrate cross sections over quark energies, using M C-extracted transfer functions
to connect to measured jet energies.

PL(x M) =~ s (y:m)da,d, f (&) F (6 W(x.)
“ T X measured quantities (e.g. jets)
‘M ‘2 y matrix element quantities (e.g. partons)
f(g) parton distribution functions
W(x,y) transfer functions ¢, g, incoming quark energies

DO [+jets (1998) m, = 173.3 = 5.6 (stat) + 5.5 (syst) GeV/c?
DO [+jets (2003) m, = 180.1 + 3.6 (stat) + 4.0 (syst) GeV/c?

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 21



Traditional CDF Template M ethod
vs. New DO Matrix Element Method

.

- .
i
Freerer ﬂ

EY LA

Traditional CDF (Template)

One m, per event, equal weight.

Single best-fit (c%) combination.

Series of eight levels of jet corrections,
get mean correct and assume Gaussian
shape.

Global m, fit from likelihood fit of
datato signal and background
templates

November 21, 2003

New DO (Matrix Element)

A. Gibson, UC Berkeley Qualifying Exam

P(x : m,) for each event, based upon
comparison of fifteen kinematic
variables (x) to SM matrix e ements

All combinations weighted according
to signal probability, and events
combined according to signal
probability

Transfer functions connecting parton
energiesto jet energiesin detall

Global m,fit from joint likelihood of
signal (mass-dependent) and
background (mass-independent)
probabilities.

Page 22



‘ Global m, Fit Schematically: oy

Combining Events

Background Event

Signal Events
o
Al Al - |/ \
Mt Mt Mt
Ivlt Mt
Psignal I:)background

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 23



DO Results From Data (I+]ets With No ‘\l
B Tag Requirement)

HERKELEY LS

// | | |

-

os BB "y
= — g B
?C L‘o L i
—|d50 :_ '-.. :‘\ : -
548 | . .
546 " . 0.8
544 / a6 :_
542 -
540 [ e -
538 £ e
536 -

] | ] | | ] D
140 1680 180 200 170

Top mass (GeV)

M= 180.1+ 3.6 GeV (stat)

180 190
Top mass {GeV)

Compared with 5.6 GeV statistical error from previous DO mass analysis.
The statistical error you’ d expect from the old DO analysiswith a

factor of 2.4 more data.

22 eventsin data: 12 £ 3 signal (from fit), 10 + 3 background

November 21, 2003
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Systematics at DO |_

« DO'snew analysis has asignificantly smaller systematic dueto jet
energies.
— More detailed connection between jets and partons (transfer functions)

o Other systematics smaller as well
— Using more event information, and combining events and combinations more

effectively DO (2003)
DO (]_998) Systematic Uncertainties for top quark mass
TABLE XXIX. Systematic uncertainty summary. Determined from MC studies with large event samples:
LB NN Average Signal model 1.5 GeV/c2
(fevied b2 [Py Background model 1.0 GeV/c2
Iiei “"e'f“‘ SEale it =% 40 | Noise and multiple interactions PRD | 1.3 GeV/c
e . 58 52001, (1998)
¢ signal 1.9 1.9 1.9
VECROS Havors 25 2.3 25 ;
Noiza/MI | 3 13 | 3 Determined from data:
Monte Carlo stat. 0.6 .1 L85
2
LR/NN diff 08 0% 08 |I Jet Energy Scale 3.3 GeV/c
Likelihood fit 1.0 1.0 | i) Parton Distribution Function 0.2 GeV/c?
[ Tota 26 2.4 35 | Acceptance Correction 0.5 GeV/c?
i 2
Phys. Rev. D {58} 052001 (1998) Total systematic error 4.0 GeVl/c

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 25



‘ Applying DO’'s Methods at CDF *|_

.

Very similar methods have been proposed by CDF members (Kondo)
and others (Dalitz and Goldstein)

— Studied in Run | at CDF, but no mass measurement published.
— Dynamical Likelihood Method work well underway in Run ||
No magnetic field at DO Run |
— Muons poorly measured, integrated over.
Poor or no silicon coverage at DO Run |

— 2003 mass analysis didn’t use displaced vertex tags.

— Easy to use binary SV X tags at CDF, more in keeping with the method to use a
tag probability. Either way should help dramatically reduce backgrounds. But,
there may be more backgrounds to consider (more matrix elements).

Straightforward to add extra signal and background matrix € ements.

More difficult to incorporate extra matrix element with gluon
radiation, either just extradiagrams or full NLO calculation

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam Page 26



‘ DO-Style Transfer Functionsat CDF rreees) '7'|

L

 Wehaveeight levels of jet corrections at CDF to get from jets back to

parton-level quantities.

In general, their goal isto get
the mean right, while assuming
a gaussian shape

*Qur transfer functions use jets
that have been corrected back
to particle-jet level (detector
effects removed) (level 5 of 8)

*The goal isto start with

partons, and accurately model

the distribution of jet energies

(shape as well as mean)
November 21, 2003

PartonMinusBJetL5Ecc |

240

220+
200

180
160
140
120
100

80

60
a0
20

o

| PartonMinua Bt SEez

|Enfrfes 3714

| Mean 114
RMS 14.35

0 10 20 30 40 50

E E (GeV)

parton

for B jets from ttbar MC

A. Gibson, UC Berkeley Qualifying Exam Page 27
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‘ Transfer Function W(E ;;50,Ej«) rreece?]

HERKELEY LS

n( Ej et? Eparton) d d Eparton - n( Eparton) d Eparton parton’ Ej et)d Ej et

where
N(E .10n) 1S the (process dependent),,
distribution of parton energies 1&3 E (i

W(E 4ton Ejer) 1S the probability
distribution to have

Ejet glven a Eparton

So, we hope to separate the 5 0 . 20 4o 60 e (GeV)
process—dependent r](Eparton) from - (GE 1/) DO plot fror]:LF. Canelli
the largely process-independent 3
W(Eparton, Ejet) dE - Eparton B Ejet
_ - (de- p)° - (de - ps)
Fde) = [exp—— 5 —+pexp—— ]
20 (p, + psps) 2p; 3 :
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Testing the transfer functions ceeere ]

HERKELEY LS

L/

FEDIEI | prediction PartonFromBJetL5Ecc
Entries 0 I"Entries 20538
Parton > RIS "3 oan R
Information '
along with 35 E arton (GEV) from|b quarks
the transfer 7o -
functions mm[:&m 20 40 6D 80 100 120 140 160 180 200 220 240
(previous LLY Entries == 24 | | EntrlesdﬂmeaJHLEEcc 20538
page) allow &0 e 275 | | Ame 1089

usto make 8
predictions —4aa-
(bluecurves) 200

E (GeV) for b quarks

Vi

of jet level % /ﬂ a0 B0 80 100 120 140 160 180 200 220 240
quantities, éoo & Bxy1 — = PartonMinusBJetL5Ecc
ries i

and compare spp | wean 10.16 Sy i

: RMS 1415 3
with RMS 14.41
simulation 7 300 — -

: 200 dE = Eparton
(histograms)

100
055 Ty 30 20 0 0 10 20 30 40 50
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dE=E

parton

-BE (GeV) for b quarks

.

,’Xl .-l,"
L Q'

HERKELEY LS

prediction simulation, reconstruction
B Bwxys 1 [ BEp_cutl o Bwxys 2

= | Entries 201 Entries 4066 .| Entries 201 4116
=" | Mean 6.362 Mean 6.143 Mean 9.707 1001
=E- | RMS 10 BMS 10.85 mE-| RGNS 13.36 137
-huzr 10
mE— 10< Eparton< 60|GeV = 60 < Eparton< 80 GeV
T = e, g3 2

Svion Epi s Epaton ol [ EEparton B 10:-Eparonaia
o Bwxy5 3 i . BEp cui3 - Bwxy5 4 - BEp_autd N
i ¥ 57 1 res =0 Entrl 209 ries
e s £0 Mean 1353 ME.;:E 15.72 Mean 1548
Mean 12.73 RMS 16 .49 = RMS 1937

E | RMS 16.66 ' M et
= 80 < Eparton< 100|GeV 00< Eparton< 120G

Sr——ts - = = .
= BE b 1
’.E = — A Entries paub 705 " a5 Em"mE‘WIYE : 1354
::: Mean 1895 Mean 1918 m Mean 20 &1
e RMS 23 65 RMS 2315 - RMS 2649
3 s g — o S L

120 < E j100< 150 GeV 150 < E 4on< 800 GeV
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Hadronic W and top massfrom transfer ... > &
functions— correct combination
_WmassL5Ecc | =] hadTopmassL5Ecc | T
450 - s . -g' |
- hi2/ ndfs \ - Chi2/ ngf \
3 o a0 3' %
mE ' o \_{ 350~ o \‘a
300 \ s : 10 \ >
. 10 iy 300- 5 M e
250: \ EEE RN 2500 s 420 2 4 6
. J Shift (GeV) ;: shift (GeV)
|  Wpredictioncchist | WmassL5Ece = MaeToppreatctonsaive: | Tadt |
= ‘Eﬂtﬁes 141] Entries 10269 50— Entries 11| Entries 10269
100" i !\ |Mean  7525|Mean  72.44 o | | Mean 1567 [Mean 1543
ot M W RMS T1.9|RMS 127 j: \RMS 2007 |RMS 2061
T/ S S

0 60 80 100 120 140 160 100 150 200 250 300 350

Hadronic W mass (GeV) Hadronic top mass (GeV)
*Histogram from simulated, reconstructed Herwig jets.

*Blue curveis prediction from transfer function, using parton level Herwig.
eI nset is chi2 as we shift the histogram against the prediction.

*Predictionis systematically high.
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‘ DO transfer function tests creere?]

HERKELEY LS

« Examples of the transfer functions DO used for their analysis

DO saw asmall bias also and was able to show that it didn’t
significantly affect the final top mass measurement (took a 0.5 GeV
shift)

« Showed that ttbar transfer functions worked with background samples

ttbar MC events, hadronic top mass W+jets MC events, 3 jet invariant mass
70— 0=

fg i f/ﬁi 3505
\/ 300-

2501

[
B G

p i by IR N N A C A
100 150 20 250 30 350 o L.,
mt[GE"ir']
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‘ Expected reach with ~500 pb* creeee] ,*;.~|

e 1-D Template Method, Run | CDF Method

— Stat error 4.1 — 5.0 GeV (scale mean expected Run |1 error, scale current Run ||
error)

— Syt error: with no brand new methods (W->qq, Z->bb calib) perhaps 5.0 GeV,
with new methods, and reinterpretation of ISR/FSR, perhaps 3.0 GeV

— Tota error 5.1 -7.1 GeV

o Matrix element method
— Stat error 2.6 — 3.2 GeV (scale CDF error by factor of 4/ 2.4 more stat power)

— Syt error — scale template method systematics by 0.737?
2.2—3.7 GeV (or perhaps aslarge as template method, 5.0 GeV)

— Total error 3.4—-4.9 GeV (or 5.9 GeV)
o Thelower statistical error is of short term interest (while statistics are
still very limited)
— Always nice to make your statistical error as small as possible

e Possibility for smaller systematics intriguing for the medium and

long-term.
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‘ Summary creeeed] f.‘.~|

e Thetop massisinteresting in and of itself

e Especialy interesting as a precision EW observable
— Congtrain SM, predict SM Higgs mass
— Constrain physics beyond the SM

* |'ve participated in atemplate based mass analysis
— m=177.5"5 (stat) + 7.1 (syst) GeV/c? (108 pb?)

« Will continue to contribute to important tools like g-jet balancing.

« Will pursue a matrix-element based analysis with the prospect of
substantially improving the statistical power of the data we collect
while also lowering the systematic uncertainty.

— m,= Ixx.X + 2.6 (stat) = 3.7 (syst) GeV/c??? (500 pbt)
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‘ Backup Slides
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COnSU'aIn mH Frocrec]

HERKELEY LS

L/

m,, best fit 9673, GeV, <219 GeV 95% CL

6 .
(5) i
Ay oy = |
— 0.02761+0.00036
. -+ 0,02747£0.00012 "
4 - 4w Without NuTeV =
N}{ |
<
2 = -
] Excluded ~\.../" Preliminary
20 100 400
m,, [GeV] L EPEWWG/2003-01
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L ooking to the Future coeecer] o

HERKELEY LS

L/

-—Summer 2003 ; : i 80.70 :_ experimental errors 68% CL: _
..... TEV-1Ib ' i LEP2/Tevatron (today)
..... [ —— Tevatron/LHC )
4 — i
> 8050 -
N?{ S, -
> = &
Bﬂ.40_—
2 .
80.30
- 80.20 . _—
0 Preliminary e v o i e s s e T
' S 160 165 170 175 180 185 190
50 100 200 m, [GeV]
now [[ RunTTA T RunlIB [ RunllB* | LHC [ LC | GigaZ |
Bob Clare [ sin“B.P(x 10°) [| 17 78 29 20 1420 || (6) | 1.3
: omy [MeV] 33 27 16 12 15 10 7
Win 03 om; [GeV] 5.1 2.7 1.4 1.3 1.0 0.2 | 0.13
omy [MeV] — — 0(2000) 100 50 50

U.Baur, et al., Snowmass 2001, hep-ph/0111314
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Statistical Error —Run |l vsRun Il === "

A

L/

HERKELEY LS

40
Mean = 6.6 GeVjc’
3501
RMS = 1.9 GeVje’
ELEEE S
22501 Prob(c™ <o 1=5%
&
oo
o=
¥ D
Eisof
E
[LE R
S0
i . ¥ i i
i) 2 d [ ] 1) 12 14 I

Stat. Uncertainty, 0™, from Simulated Experiments

Events/(.5G

-
[y
=
=

-
=]
=]
(=]

Expected statistical errors

:_ CDF Run Il Preliminary (~108 pb'1)

> 1400 mM¢=175 GeVic’

e ||||||||| T SR

Entries 21126
Underflow 60
Overflow 37

NP
o

-20 15 -10 -5 0
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Initial Luminosity i\{]

BECRECLEY Lam

— I I
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Detailed Event Selection

. |

A
Freerer ‘m

_

Variable Value
Global Event Z and cosmic veto applied
E, > 20 GeV
# of tight leptons =1
Jets Ep of the three highest energy jets = 15 GeV
Er of the 4™ jet = 8 GeV
|Tlidefew.1m"| <9
Electrons Region CEM in the fiducial region
Er > 20 GeV
P > 10 GeV/e
E/p (if pr < 50 GeV/c) < 2.0
Ehade}-;Jw << 0{155 + 00004155
Liber < (.2
|Az| (track to CES match in z) < 3 cm
€} » Az (track to CES match in r—¢) between —1.5 and +3.0 ¢m
Xffm'p < 10
|z] of COT track < 60 cm
# of COT axial SL segments =3
# of COT stereo SL segments =3
Calor. isolation ratio in cone of (1.4 < (.1
Not a conversion
Muons Region CMUP or CMX
D = 20 GeV /e
Egy max(2, 2 4+ 0.0115-(p — 100))
Ehod max(6, 6 + 0.0280-(p — 100))
|.-'j$|'.‘|cm; < 3 cm
|Az|oup < 5 an
| A |oux < 6 am
|zo] of COT track < 60 cm
|| if no Si hits < (.2 cm
|dg| if Si hits < .02 cm
# of COT axial SL segments =3
# of COT stereo SL segments =3
COT exit radins (CMX only) = 140 ¢m
Calor. isolation ratio in cone of (0.4 < 0.1

November 21, 2003 A. Gibson, UC Berkeley Qualifying Exam

Page 40



Pseudo-experiments F\|\

HERKELEY LS

» Take alarge number (e.g. 10,000) of samples of x events, drawn from
signal and background MC.

e Run through the full machinery.
« Consistency checks, and evaluation of systematics

Method check: M?" vs M"

< F Expected statistical errors
> 200: CDF Run Il Preliminary ‘{;160 - CDF Run Il Preliminary (~108 pb™) Entries 21126
8 L % 1400 mi'°=175 GeVic® Underflow 60
= - (&) C Overflow 37
£ 190 ‘2 1200
T - I -
g - £ 10001
T 180 e Tk
b . W goo[
1700 600
- 400"
160/ 2000
150} | L L L L | L L L L | L L L L | L L L L | L L L L | L L L -%_sl - | I6_I |
150 160 170 180 190 200

Input m, (GeWcz)
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Pull distribut

A

ions creeerq]

HERKELEY LS

L/

CDF Run Il Preliminary (~108 pb'1)

Center of pull distribution from pseudoexpts

c 0.5 c 1.2
5 04 51.15
= 0.3 = 11
(1)) = i .
- ﬂ.E;— T
3 o1E } % =1.05
I = o
5 OF } % } 5
| . E i~
R AENEITASRN I
L1 1] -
-0.2F =
Qe 0.9
-0.3E
0.4F 0.85
055 | | | | | |

150 160 170 180 190 200 210
Input top mass (GeV/c’)

Width of pull distribution from pseudoexpts

150 160 170 180 190 200 210
Input top mass (GeVic')
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Chi™2 cut

iy
- A
rroereec| o

HERKELEY LS

CDF Run |l Preliminary (~108 pb'1)

Events /0.8

Data (25 events) Entries 25

175 GeV signal MC + W+jets MC | Underflow 0

W+jets MC (8.0 events) Overflow 2

\\\\W\“\Q\“\“\\W -

10.7% of MC have chi*2 > 20

November 21, 2003

4 6 8 10 12 14 16 18 20
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Detailed Jet Systematics

A

rroereec| o

L/

HERKELEY LS

Source of Corrections AM,,, (GeV/c?)
Level Description v4.9.1hpt1l v4.11.1 REMAKE

> 3.5 jets > 3.5 jets > 4 jets
1 (sim) | n-Dependent Calibration ** | 3.77+0.24 | 2.4240.06 | 2.40 + 0.07
1 (data) | n-Dependent Calibration ** | 0.914+0.24 | 1.60 £ 0.07 | 1.79 + 0.07
2 (data) Calorimeter Stability 0.99+0.24 || 0.98 £0.07 | 0.87 £ 0.07
3 (sim) Raw Scale (central) ** 4.45+0.24 | 3.51£0.07 | 3.89 + 0.07
3 (data) Raw Scale (central) ** 4.87+0.24 || 2.71£0.07 | 2.86 + 0.07
5 Absolute Scale 2.17+£0.24 | 2.44+£0.07 | 2.424 0.07
7 Out-of-Cone: up to cone 1.0 1.21+0.24 || 1.33+£0.07 | 1.43 £ 0.07
Out-of-Cone: outside cone 1.0 || 1.154+0.24 || 1.24 4+ 0.07 | 1.52 £ 0.07

Total T 907 55 Hea e W 7 6.6 = 0.2
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h-Dependent Corrections, Di-Jet 7.7 5
Balancing —

» To account for cracks (gaps, or less ; iy

sensitive regions) in the calorimeter

o Trigger Jet, Probe Jet }
99 TV
y

B — (ptprobe_ ptprobe) /0.5 (ptprobe+|:>tprobe) 0.1

2 HJetclu R=0.7

 Corrected low energy pion response  » tossme

[ @ MCwd11.0pre2

in calorimeter MC gt 2 1 8 T R R

. 2

B [
0.2} i.'k_ ﬁ
l:l.1: x Hok
F oy ﬁﬁﬂf 4
ol ] A @3 l'}ﬁ
E 4 K
| +l 5 3 '+
a1 - .
& b &~
[ [laeu A= .0 |
02 o dataelind T [
C| 3 Moo |
Pt ¥ HPR R (AT Svhi 4 Lk Aiciol W, 4 . W ORI AP
-4 B -2 -1 o 1

z ] a
1 detediar, prabe jed

FEEp O
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A
rroereec| o

Raw Scale, g-Jet Balancing

e ¢Jet Balancing primary check of jet scale
 Run|—Runll Differences partially understood
o Data-MC differences still extant

<h™> wis_ 1] C-omuﬁl o MonteCarlo <> vrs.1] Cone 0.7 - MonteCarlo

+— MonteCarlo

e T —«—[Data A *— Data :nﬂs : «-Data
paas +h + ‘,:,,.u_li-_' ; +", ‘1}3-0_1 = ;
43 q 't .f q.\, iﬂ“' e . il ¢ E :4\
ool t 1A " ""1- e # * " ‘k‘ £ f :'??‘lﬂ A oy ‘-"_"%‘ :1.: A tv ﬂ'ﬁ
i - ”a',- :‘r :.' -' . .:F | o L -‘rﬂ ,;"-rﬁ.. ol PP = | H.... "v..'f. .
¥yl 7 ‘' Pe b Y e 1l w W Te b4 o
A5 ) v 'rw ;': ¥ ; X e t* L ': 093 ?i | A
41.5[_ + ot T assf 1|3 }
55| Y {I.ﬂ!r:' -, 1-‘;. a.4f * III|""l'
a8 ! D5 F "+ 045
| 3 = - pnpem R T I]'g s ] = = U i F] i ¥ -u.:_l 4 e 1 : 5 s ]
3 L -.]:’
cone |Runlfb Run 2 fb Run2-Runl KJ

fb=Pt(jet)/Pt(8)-1

0.4 -32.1+0.3 -36.2+0.1 1.065+0.005

07 |-24.8+0.2 -28.7+0.1 1.055+0.004 fb(runl)+1

10 |-18.9+0.2 -23.3+0.1 1.058+0.003 K= fb(run2)+1
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From Fermilab W& C, 4/21/03,
J. Estrada

A
rroereec| o

L/

HERKELEY LS

2F Lepton+jets channel

DO Statistics Run I : 125 pb-!
Standard Selections :
* Lepton: E>20 GeV.n¢<2,n¥<1.7
o Jets: 24, E>15 GeV, n|<2
» Missing E,> 20 GeV
« “E.N > 60 GeV ;) [y |<2
—m— Y1 events

Ref. PRD 38 ¢1998), 032001 ;
After ¥X(77 events): ~29 signal + ~48 backg.

(0.8 W jeis and 0.2 QCLD)

Specific cuts for this analysis:
* 4 Jets only : — 7] cVents
* Background Prob. ; el 22 cyents

Juan Cruz Estrada - Fermilab
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From Fermilab W& C, 4/21/03, ’\l

A
rroereec| o

J. Estrada

iE Acceptance Corrections
Likelihood —In (o) = —Z In P(x,;00)+ ;\-"J.P( X:0L)dx

Detector Acceptance
P(x;0) = Ace(x)Py(x;00)

: Production probability
~InL(e) ==Y In Py (x:0) + \j Ace(x)P,(x:00)dx
i=]

12V <
Bl oo
N Z o

! i aredn
gen J=uccy

j Acc(x)P (x:0)dx =

----- e t s a 3 | e g Coanaratoadi arvedl pye ]
where |/ = [ff’ L JP ]c;'cjricfcjrlfm_(f,rl }-f.m'wz} - Ngen(N) is number of generated(observed) events

-

Juan Cruz Estrada - Fermilab 19

~InL(or) = N[ A)le, B, (x:00 + ¢, By (x)

N
a Z {ln [Cl RI (X:':‘ a ) + CEPF”'L‘U(X.‘ )I}
i=1
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A
rroereec| o

Transfer Function (Estrada)

HERKELEY LS

Transfer function W(x,y)

i

W(x.v) probability of measuring x when v was
produced (x jet variables, y parton variables):

4 4
W(x,y)=8(p) = pH |W .. (EED]]62(Q) -QF)
=l

=l

where
EY energy of the produced quarks
E* measured and corrected jet energ)y
>, produced electron momenta
P, measured electron momenta

L £, produced and measured jet angles

FEnergy of electrons is considered well measured. an extra integral is done for events with

muons. Due to the excellent granularity of the D& calorimeter, angles are also considered as

well measured. A sum of two Gaussians is used for the jet transter function (}7 ). parameters
. |

extracted from MC simulation.

Juan Cruz Estrada - Fermilab 14
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Probability (Estrada)

i

Probability for tt évents (“do”)

g/ (q,) p

l ¥ 2 o] ) 2 r
P :;”jf,fplf,fml—d..-ul-ffm_:mw; Y MF[ DIV (X, )

I 2
; comfoe | ffl || '—T] |
2(in) + 18(final) = 20 degrees of freedom
3(e) + 8(Q1..Q4) + 3(P_=P_ +I(E, =I

3
in final

20 — 15 = 5 integrals

; =15 o . ,
e i) 15 constraints

Sum over 24 combinations of jets, all values of the neutrino momentum are
considered. Because it is L.O., we use only 4-jet events.

P, momentum of one of the jets m,m, top mass in the event
.-'l.'f.;l.f, W mass in the event ..?‘li’:;jj._.ﬁ’fm parton distribution functions (CTEQ4) for gq incident chann,
q ot 5 mitial parton momenta 2 six particle phase space

Wix,y)  probability of measuring x when v was produced in the collision
We choose these variables of integration because M= is almost negligible. except near the
four peaks of the Breit-Wigners within [M|-.

Juan Cruz Estrada - Fermilab 15
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DO results from data

3 New Preliminary Result
5552 ¢ 358 ¢
€550 freen S CE
48 £ o i %/
546 E - . 0.8 - }/?
s44 b . Pl E %
542 | . /‘ : ///
540 | R i _-"I //
5328 ;— 0. :_ /// I".'.
555 :_ | | | | | | 1 | | | | |:| ;A_‘-? ..I | //%l I..T "*—L h
140 160 180 200 170 180 190
Top mass (GeV] Top mass {GeV)

M= 180.1 £ 3.6 GeV £SYST - preliminary
This new technique improves the statistical error on M, from 5.6 GeV
[PRD 58 52001, (1998)] to 3.6 GeV. This is equivalent to a factor of 2.4 in
the number of events. 22 events pass our cuts, from fit: (12 s+ 10 b)

(0.5 GeV shift has been applied, from MC studies)
Juan Cruz Estrada - Fermilab 31
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A

Biasdueto background fraction =~~~

HERKELEY LS

)/

DO saw, iIn MC, abias as afunction of background fraction

o Applied acut on background probability
— Eliminated 70% of W+jets and 77% of QCD background
— Eliminated 30% of ttbar events.

o 22 eventsindata, 12 + 4 background

o 180 pre r g 1601 e
= S
£ 178 B
i
i
i
= an b ) k 800 aky
i
o 1 +x X bat
i

purity = sgn /| 3gn+klkeg) purity = san /i son+bkg
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DO check for bias of method _il\

HERKELEY LS

SR oo ¥/ nd 1.707  /
3 P D18
1.014 +0.05?
> L How big of a
= correction
would this

180 [~ make?

T |-

o
o
Lo}
1
~
n
o0
:.
0
hal
e]
]
e
v}

2}

i)

far FAV. W)

O araTeyr T
L Hr Lt LA O O S P )
[N s
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‘ Signal model systematic r.|_

« Vary u, thefraction of eventsin MC where you cannot (can?) match
al 4 jetsto partons.

o 1.5GeV systematic error.

DO (2003)
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‘ Extracting the transfer functions

 We have separate transfer functions for light quark and b quark jets.

* We usetwo gaussians, hoping that one gaussian will take the peak and the other
(stretched out) gaussian the asymmetric tails. May be able to find a better

parameterization. _
dE - Eparton B Ejet

[exp' ( E 1) + p3exp_ (dE' p4)2]

F(dg) =
= J2p (p, + pyps) 2p2 2p2

.W(Eparton’Ejet) = F(dE)
*Parameters depend linearly on parton energy: p, = g + bE ..,
*Normalized so that, for agiven E ., W isthe probablllty density function for getting

agiven k. ¥
dlv(Eparton ’EJet)dEJet =1
0

»10 total parameters, extracted from an unbinned likelihood fit of ordered (E, ;00 Eie)
pairs.
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Possible sour ces of systematic bias _\|\|

HERKELEY LS .

» Possiblethat the fits of the transfer function parameterization to the reconstructed
MC arejust bad.
— Difficult to consider goodness of fit globally.
— Couldtake slicesin E_,,, and compare fit to MC.
 Thetwo jetsfrom W decay are correlated
— Transfer functions treat them as independent.
— Given E ., When Dr is small transfer functions will overestimate E;,,.
When Dr is large transfer functions will underestimate.
* Wehave ahard cutoff at E, = 15 GeV, parameterization doesn’t take thisinto
account. "
May be able to change normalization to account for this. C)/V (E o E,. ) dEJet _
15

*\When taking integrals for mass, we' re under weighting events with low parton
energies — they already passed event selection at jet level.

*May be able to reweight them.

Or, can start with a more inclusive sample, where the deweighting would be appropriate.
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Hadronic W and top mass from transfer ;.7 &

functions — 12 combinations

WmassL5E_allcombinations | ?‘:ﬂ __hadTopmassL5E_allcombinations | 2]
1800 o0, . 70 %

: o el | nChi?2
- _;_ ...cm /qulf \ 2500 Chi /ndg: L sift(Gev)

i _If \ :: \ 2000 WX
I R b i ' e X,
1umj- J.'/ T 5 4 20248 10- \“m____y___#

_ 0

% 4202486
hadTopmassL5E_allcombinaticns

Entries 123228

1500 —

Shift (GeV)

b Mean 176.4
s - RMS 53.23

| Wprechicn alcoibimdions: Rii | Wimessl 7 al:mihdims. | .—'__‘
" Enlries 141 | Entries 123228 =
Mean 9385 |Mean  90.08 T iy
RMS 30.91 | AMS J0.59 '

[
40 &0 &0 100 120 140 160

..- ilnlm—immmuu
J¢ | Entries 141
Mean 181.2
RMS 5287 :
L 1 1 | 1 e |

150 200 250 300 350

Hadronic W mass (GeV) Hadronic top mass (GeV)

*Histogram from simulated, reconstructed Herwig jets.

*Blue curveis prediction from transfer function, using parton level Herwig.
eI nset is chi2as we shift the histogram against the prediction.

*Note that the prediction is systematically high!
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Test of massdependence of transfer 7.7, ;
functions |

sExtract transfer functions from 175 GeV Herwig ttbar MC

*Apply them to 165,170,175,180,185 GeV Herwig, compare
prediction to simulation

[ Hadronic W Mass | le'r ndf 3.698 / 4 | Hadronic Top Mass |
75.5 |po 75ao07iss [ 1ORFT e 0.3811/3
75. T 162 “| pD 4.848 + 5.885
75 3 | i I | 160? pl  0.9792+0.03796
75.2 ol 158}
75.1 = T 198
| X ! 154F
7:5 : ® - 152F
i = 150}
74-8 1 ] l ] } ] 1 148 ;_ | ] ] 1
722 72.4 726 72.8 73 73.2 145 150 155 160 165
Predicted hadronic W mass Predicted hadronic top mass
vs. simulated, reconstructed W vs. simulated, reconstructed top
mass (GeV) mass (GeV)
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: DO (2003 .
po(1998) Systematics (2009) TﬁJ

Systematic Uncertainties for top quark mass

— TABLE XXIX. Systematic uncertainty summary. = petermined from MC studies with la rge event samples:
LB NN Average Signal model 1.5 GeV/c?
(GeVic?) (GeVic?) GeVic?)
i 5 i Background model 1.0 GeV/c?
et energy sce 4.2 3.8 q. g . : :
‘IC;" I:?:ET il ? 2 Noise and multiple interactions PRD | 1.3 GeV/c?
B ’ 58 52001, (1998)
¢ signal 1.9 1.9 1.9
VECROS Havors 25 2.3 25 .
Noise/MI | 3 13 3 Determined from data:
Monte Carlo stat. 0.6 .1 085
2
A -~ - - Jet Energy Scale 3.3 GeV/c
Likelihood fit 1.0 1.0 .0 Parton Distribution Function 0.2 GeV/¢?
: 5 5.2 5.5 .
ot i 4 e Acceptance Correction 0.5 GeV/c2

Phys. Rev. D {58} 052001 (1998)

Run I CDF SySt Source of Syst. AM,,, (GeV/c?)

Jet Energy 6.2

Source Uncertainty (GeV/e®) ISR 1.3

FSR 2.2

et energy measurament 4.4 Generators 0.5
[nitial and final state radiation 2.6 PDFs 9
iii;ii;hatkglmmd spectrumm [lj_; Other MC modeling [..II'T‘HI'H»{:IllltiHII. pe¥) 1

Parton distribution functions 0.3 Background Shape 0.5

Monte Carlo generators 0.1 b-tagging 0.1 (Run I)

Total 53 Total 7.1
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